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We, Laporte Chemicals Limited, of 
Kingsway, Luton, Bedfordshire, a British 
Company, do hereby declare the invention, 
for which we pray that a patent may be 
5 - granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 
This invention relate ; * n th" p"ri fi '*ition 
of hydrogen peroxide and, in particular, to ~ 
the recovery in a purified form of hydrogen ' 
peroxide-water miynires from hydrogen 
peroxide-water mixtures containing at least 
61.2% of hydrogen peroxide weight fo r 
-Wipnt nnrt impurities, wmch mav he in- 
15 organic, organic, or both. 

It is well known that hydrogen peroxide 
may be manufactured either by the hydro- 
lysis of certain inorganic per compounds or 
by the oxidation of certain organic com- 
20 pounds. Thus, for example, United King- 
dom Specification No. 465,070 describes a 
process for the production of hydrogen 
peroxide in which an alkylated anthraqu i- 
none is hvdrogenated in a solvent, by means 
25 of hydrogen in the presence ot a catalyst, 
to the corresponding alkylated quinol, 
which, after separation from the cataylst, is 
oxidised with oxygen to produce hydrogen 
peroxide with regeneration of the alkylated 
30 anthraquinone. Such a process may be 
made cyclic bv recycling the alkylated 
anthraquinone t o the hydrogenation stage 
after removal of the hydrogen peroxide by 
aqueous extraction. 

When hydrogen peroxide is manufactured 



35 



by-the hydrolysis 0f~cefTgnT uloreanic per 
comp ounds jt olten contains tree acids as 
_wSfl as* inorganic salts in solution, whil st 
JKhen_ prepared by the oxidation of certain 
40 organic compounds, it usually contains, as 



impurities, organic compounds often of 
widely differing volatilities. Fof exampl e, 
when prep ared by and ^gjstr&cted . irom a 
cyclic process as described above, the 
aqueous hydrogen peroxide leaving the 
aqueous extraction column is sato «»^ with 
sol vents used m the cyclic process and_ _it 
may also contain traces oi tne organic inter- 
mediate used^ in aaainon to this, the 
aqueous nyardgen peroxide may contain 
other substances formed by the degrada- 
tion of the solvent or organic intermediate. 
Where inorganic hydrogen peroxide stabi- 
lisers are present in die water used for 
aqueous extraction, these, too, will be 
present in the aqueous hydrogen peroxide. 

The presence of organic i mpurities is 
especially disa dvantage ous, particularly" 
where t he aqueous solution Is concentrated 
to give the aqueous solutions of hydrogen 
peroxide containing at least 80% of hy- 
drogen peroxide weight for weight which 
are required for some industrial and mili- 
tary uses. Degradation of these organic 
impurities by oxidation naturally causes 
losses of hydrogen peroxide itself whilst 
certain of the carbon containing compounds 
produced by the degradation may cause dis- 
coloration of the hydrogen peroxide render- 
ing it unsuitable for some purposes. 

The _process of the present invention is 
only applicaoie to nydrogen peroxide-water 
^ mixtures contain ing at i ,east_ bl.2% of hy- 
drogen peroxide weight for weight. Pro- 
cesses ot tne land described above do not 
produce mixtures containing such high con- 
centrations of hydrogen peroxide and the 
standard method of achieving such concen- 
trations is by distillation. During fractiona- 
tion under vacuum of aqueous hydrogen 
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peroxide solutions made by the hydrolysis 
of inorganic per compounds most of the im- 
purities remain in the boiler residue but- 
small fractions pass over either into the 
5 overhead waste product or into the frac- 
tionated product by virtue of either entrain- 
ment of liquid or the volatility of the im- 
purities. In the case of hydrogen peroxide 
made by an organic process however, the 

10 volatility of the organic impurities may be 
such that a far greater proportion finds its 
way either into the overhead waste product 
or into the fractionated product though, of 
course, the points at which these impurities 

15 appear depend upon their several volatili- 
ties. Thus, where aqueous hydrogen perox- 
ide from the aqueous extraction column of a 
cyclic process as described above is frac- 
tionated, the dissolved solvents, if normally 

20 steam-volatile are largely recovered in the 
overhead product, but the aforementioned 
carbon-containing degradation compounds 
appear in the fractionated product or re- 
main in the boiler residue. 

25 ;Thiis, hnth the fractionated product and 
foe hrtiW residue may contain ertner m- 
^organic or organic im purraes o r both. 
' Several methods have previously been 
proposed for reducing the impurities, 

30 particularly inorganic impurities, in aqueous 
solutions. "Treatment with an adsorbent 
solid such as active carbon in the form of 
finely divided charcoal has been suggested 
and so has solvent extraction. There are, 

35 however, inherent disadvantages in both 
these processes and especially with solvent 
extraction when treating aqueous solutions 
of hydrogen peroxide containing more than 
60% hydrogen peroxide weight for weight 

40 since the risk of fire is considerable. 

It has now been found according to this 
invention that by washing crystals, formed 
on cooling aqueous impure solutions of hy- 
drogen peroxide having a hydrogen peroxide 

45 content of at least 61.2% weight for weight 
with aqueous solutions of hydrogen perox- 
ide of substantially the same concentration 
as the mother-liquor in association with the 
crystals, but containing considerably less 

50 or none of said impurities contained in the 
" m"dthla"hqtforra^Wgh*degi^>"of*purmeation» 

is obtained. 

A trmriin c to t h a r"* c> *" t imentioa « pro- 
cess is provided for purifyi ng hydrogen- 
55 -peroxid e- water mixtures COittabUng at I pst 
"-6*n2"%"~ hydrogen peroxide weight for weight 
. — and contaminated with inorganic and/ or 
organic impurities which do not separate or 
crystallise at the temperatures employed in 
60 the process which comprises subjecting said 
mixture to cooling at a temperature which 
is between —0.5° C. and —56.1° C. and 
to such an extent as to caus the formation 
of crystals, washing said crystals with a 
65 washing solution f aqueous hydrogen 



peroxide of substantially the same hydrogen 
peroxide concentration as the mother-liquor 
in association with the crystals but contain- 
ing none or less of said impurities contained 
in the mother liquor, separating the crystals 70 
with associated liquor and/ or solution and 
melting them to yield a hydrogen peroxide- 
water mixture purified with respect to the 
mixture originally cooled. 

According to an embodiment of the in- 75 
vention the mixture to be purified is intro- 
duced at or near the top of a vertical 
column, the washing solution is introduced 
near the bottom of the column, whereby the 
crystals pass downwardly by gravity and 80 
the washing solution passes upwardly to 
provide counter-current washing of the 
crystals, and the crystals being removed in 
the remaining portion of combined mother- 
liquid washing solution at the bottom of 85 
the column, the liquid level in the column 
being regulated by an overflow. 

Preferably the formation and washing of 
the crystals are carried out in a column em- 
ployed under isothermal conditions, the 90 
passage of liquor in the column being 
counter-current to the passage of crystals. 

Preferably also the washing solution .rer- 
.colates through a packed bed of crystals. 
Alternatively the slurry of crystals produced 05 
on cooling may be filtered or centrifuged 
prior to washing the crystals with the wash- 
ing solution. 

Preferably the wash liquor is obtained by 
diluting some of the purified product with 100 
distilled water to the concentration of th 
mother-liquor. 

Preferably the mother liquor and the wash 
solution when separated from the crystals 
are concentrated either separately or in ad- 105 
mixture, a purge being provided as an out- 
let for the impurities as will be more fully 
described hereinafter, and then added to 
the feed material of the system 

The invention will now be further des- 110 
cribed by way of examples with reference 
to drawings filed with the Provisional Speci- 
fication wherein: — 

X Figure 1 is a graph showing the freezing 
curves for solutions of hydrogen peroxide 115 
and water in which temperature is plotted 
against concentration; 

^ Figure 2 is a vertical section through 
apparatus suitable for carrying out the pro- 
cess of the present invention by counter- 120 
current washing; 

"N Figure 3 is a graph showing the freezing 
point composition relationship for the 
H 2 O s .H 2 0 system and indicates the working 
area for a practical system; and • 125 

Figure 4 is a vertical section through 
apparatus used to provide the experimental 
results given herein and showing the actual 
dimensions thereof. 

Referring to the drawings, Figure 1, with 130 
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the exception of the l".ne of alternate dots 
and dashes to which reference is made below, 
is taken from a publication entitled "Hydro- 
gen Peroxide" by W. C. Schumb, S. C. 
5 Satterfield and R. L. Wentworth (April 1955 
Edition) at page 211. The results of various 
investigators showed that hydrogen perox- 
ide had the freezing characteristics shown 
by the solid curves in the graph. Thus, if, 
10 for example, a solution of concentration X 
is cooled to temperature — Y, a solid con- 
sisting of pure hydrogen peroxide will 
separate out leaving a mother-liquor of com- 
position B. The solid phase, being denser 
15 than the liquid phase, will fall down through 
the liquid phase and settle as a bed at the 
bottom of the vessel. 

In carrying out the process of the present 
invention the aqueous hydrogen peroxide 
20 washing solution is derived from a source 
exterior to the vessel in which the crystal- 
lisation is being effected. The washing 
solution is usually fed into the column em- 
ployed for carrying out the process at the 
25 same temperature as that of the mother- 
liquor into which it is fed in order to ensure 
that the washing solution is in equilibrum 
with the crystals at the point of entry. 
The mass of crystals of 100% hydrogen 
30 peroxide formed upon cooling has associ- 
ated with :t a certain proportion of the 
mother-liquor which is removable by con-" 
ventional methods only, i.e. filtration or 
centrifuging with every considerable diffi- 
35 culty and we believe that, since the crystals 
are 100% hydrogen peroxide and contain 
none of the aforementioned impurities, the 
washing of the crystals with an aqueous 
solution of hydrogen peroxide reduces the 
40 concentration of the impurities in the associ- 
ated mother-liauor giving a purified pro- 
duct. Therefore, the substantially ver tical 
lin^gf plfernate dots anri riashes-m-EtSUre 
^is~renresente tive of the fact that crystals 
peroxide are formed. 

present invention is not applicab le to cases 
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E3Q 0% livdi ege a peroxide are tormea. 
It should be noted that the^rrosESiCEBs 
[ resen^ invention is not applicable to cases 
Where the impu rities themselves crystallise 
jout or are deposited in the cooling of the 
^§0 "hydrogen p eroxide- water mixtures. t Colloi- 
i3k dal separation of the impurities is, how- 
ever, permissible since colloidal particles 
will be removed by the wash solution. 
The actual temperature to which the 
55 aqueous solution of hydrogen peroxide to 
be purified has to be cooled in order to 
secure the production of crystals is easily 
obtained by reference to Figure 1 of the 
drawings. Thus, in the example given pie- 
60 viously a solution of concetration X has to 
be cooled to temperature — Z° C. to secure 
any formation of crystals but in order to se-^ 
cure substantial formation it is cooled to a~ 
temperature below this and the temperature 
65 given in the foregoing xample was — Y° C. 



Referring now to Figure 2 of the draw- 
ings the solution to be purified, e.g. 85% 
aqueous hydrogen peroxide weight for 
weight, is fed into the apparatus at A, the 
temperature maintained in the zones C,C 3 
and C 2 Q being about -30° C. (the cooling 
being provided by refrigerant pasing through 
coil R and insulation being provided by 
jacket J). The crystals form in zone C,C 3 
in which is disposed a continuously rotat- 
ing agitator P. and fall and settle into zone 
QC,. The level of the contents is Jcept 
constant by the mother-liquor (abou. 
hydrogen peroxide weight for weight^in 
this case) overflowing through X, a filter 
(not shown) being fitted to prevent crystals 
leaving the apparatus through X. A bed 
of crystals forms in zone C 2 C, extending 
round the bend at the base of column C, and 
the pressure of the falling crystals drives this 
bed into a heat exchanger H which is main- 
tained at a temperature high enough to 
melt all the crystals (e.g. by water at +15°- 
C.) The bend in the tube has been found 
necessary in practice to prevent the solution 
formed in heat exchanger H from passing up 
through the bed of crystals and being lost 
in the mother-liquor. Since it is a column 
employed under isothermal conditions no 
variation in hydrogen peroxide concentration 
in the liquor or crystals occurs at any stage 
and there is no temperature gradient other 
than the sharp rise as the bed of crystals 
enters the_heat--exehafiger H. 

The <washing solution) is introduced 100 
through the tube ^-atr-^O" C. fe nd is of 
the same concentration as the - rflolner-liquor 
(in this case approximately 76% ) hydrogen 
peroxide weight for weigbpteftreduces the 
concentration of impurities in the liquor 105 
surrounding the crystals which leaving the 
bottom of zone C 2 C 3 for the heat exchanger 
H take with them a hydrogen peroxide solu- 
tion of reduced concentration of impurities. 

The passage of liquor being in an up- 
wards direction by virtue of the overflow 
through X, it will be appreciated that such a 
column may be operated in two ways, but 
the general principle of crystals passing 
through a mother-liquor or progressively de- 115 
creasing impurity concentration applies. For 
example, not only can washing solution be 
made to percolate upwards through a packed 
column of crystals but also the crystals can 
be made to fall freely through the liquor 120 
until they collect at the bottom of zone 
C 2 C 3 and below the point of entry of the 
tube W. The overflow consists of washing 
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110 



solution a fid~th "e" mo ther liquor produced - 
by-thtrxrystaTEslffion^^ 125 



veight for weigBt~-fegd 



mateju-«»___ 

— IT should be noted that the final con- 
. centration of thejiydrogen pe r oxide p ht^med 
after melting of the crystals in heat ex- 130 
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changer H is dependent upon, the amount of 
liquor taken out with the crystals. 

The degree of purification obtained de- 
.penas on (1) the ratio ot tne amount or~ 
5 waging solution to the amount of mnth r -f 
)iqiinr Tf-«rfn'n g the heat exchanger with the 
.cryst als t he column length, (3) the l iquid 
flfflY mtPf nnd (4 ) the op era ting tempera- 
ture. . The total amount of liquor extracted 
10 with the crystals upon melting is capable of 
determination (see below), the washing ratio, 
defined as: — 

Volume of washing solution 

Volume of liquor extracted with crystals 

15 is also capable of determination. Plainly, 
the greater the washing ratio the greater 
the purification though obviously for a prac- 
tical system there are limits to the amount 
of washing solution that may be employed, 

20 The washing ratio being controllable, the 
degree of purification obtained is also con- 
trollable. 

The amount of liquor present in the 
crystals (the run off) as they enter the heat 
25 exchanger is calculated as follows: — The 
hydrogen peroxide concentration of the final 
purified aqueous solution is determined by 





Temperature 
° C. 


Corresponding 
liquor concn. 
H 2 0 2 % w/n 


Product H 2 0 2 
concn. % w/n 

1 


Maximum 
washing 
ratios 


60 


- 5 


1 

95.6 


98.2 


2.57 




-10 


91.3 


96.5 


2.64 




-15 


87.3 


94.9 


2.72 




-20 


83.4 


93.3 


2.80 




-25 


79.8 


91.9 


2.88 


65 


-30 


76.5 


90.6 


2.96 




-35 


73.3 


89.3 


3.05 




-40 


70.2 


88.1 


3.14 




-45 


67.2 


86.9 


3.23 




-50 


64.5 


85.8 


3.32 


70 


-55 


61.7 


84.7 


3.43 




-56.1 


61.2 


84.5 


3.45 



the standard method of titrating with 
potassium permanganate. The run off (be- 
fore melting) is assumed to consist of solid 30- 
100% hydrogen peroxide plus liquor, the 
concentration of this liquor being determined 
by the temperature at which the process is 
operated. Knowing the concentration of 
each of the two components and the con- 35 
centration of the final mixture in the purified 
aqueous solution, the proportion of the two 
components are calculated. 

A portion of the product may be used 
as the basis for the washing solution. The 40 * 
portion of the product to be used in this 
manner is diluted with distilled water to the 
concentration of the mother-liquor, cooled 
to operating temperature and fed to the 
column C through the tube W. The maxi- 45 
mum washing ratios which can be obtained 
in this way are those corresponding to the re- 
turn of all the product to the column in th 
form of washing solution and, of course, 
in a practical system, the return of all the 50' 
product is not envisaged. Assuming that 
the fraction of liquid in the product enter- 
ing the heat exchanger is 40% by weight, 
calculated as shown hereinbefore (the liquor 
fraction will not always be 40%) the maxi- 65- 
mum washing ratios are as follows: — 



Thus, in order to obtain purified product 
from the system, the washing ratios should 
not equal or exceed the figures given above 

75 for the temperatures and concentrations to 
which they relate. For washing ratios below 1, 
a maximum purification exists for any given 
washing ratio and provided the column 
length is sufficient for the purification to 

80 reach this maximum the degree of purifica- 
tion depends only on the washing ratio. For 
washing ratios above 1 there is no maximum, 
the purification increasing with both wash- 
ing ratio and column length. 

85 In actual operation of the count r-current 
column a certain proportion of the liquor 



must pass from the base of the column into 
the heat exchanger together with the crystals 
in order to obtain in the product all the 
material crystallised in the crystalliser. The 90 
proportion of liquor required increases with 
the through-put of the column but in no 
.case does it fall below 38% by weight of 
the total p r oduct. __w hen hydrogen peroxid e 

CTystal lised a proportion of solid 100% 95 
hydrogen peroxide is formed ana mis trac- 
tion increases as the temperature of crystal- 
lisation decreases below the freezing point . 
There is thus a minimum practical tempera- 
ture of crystallisation for any given hydrogen 100 
peroxide concentration of feed. Conditions 
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reprosantftH hy the area to the fight of the 
line MN, shown in Figure 3 of the drawings 
which is the freezing point/ composition 
graph for hydrogen peroxide-water mixtures, 
5 give less than the above required proportion 
of liquid and thus the practical conditions of 
operating for the counter-current method 
are represented by the shaded area. 

The process of the present invention is 

10 not limited to operation in a counter-current 
washing device. An alternative method of 
operating is to use a continuous rotary filter 
consisting of a drum slowly rotating, the 
surface of the drum being formed by a filter 

15 medium stretched over a supporting struc- 
ture. A portion of the drum surface is in 
contact with a crystal slurry of hydrogen 
peroxide crystals in a mother-liquor of 
aqueous hydrogen peroxide, the actual por- 

20 tion altering as the drum rotates. The slurry 
can be in contact with either the top or 
bottom of the drum. The interior of the 
drum is divided radially into sections and 
suction and air pressure can be applied to 

25 each section in turn. Thus the section in 
the slurry and several that have just passed 
through it have suction applied so that 
crystals adhere to the drum surface and the 
liquor is filtered off. In a later section wash- 

30 ing solution is fed on to the adhering crystals 
and suction applied inside. A later section 
has compressed air applied to cause the 
crystal cake to leave the drum and be 
collected. The crystals of the cake will 

35 have a certain amount of liquor and /or 
solution associated with them, the actual 
amount depending, among other factors, 
upon the degree of suction applied during 
the filtering and washing. 

40 This method of operation has the advan- 
/ jage that smaUer'amOunts ot washing soTuT 
Jtion are needed than in counter-current 
washing smce a far greater proportion of 
Z mother-hqtf or" IS removed during "filtration 

45 than occurs in the settling "oT the COUnter- 
current washing method. A hig her degree 
"of p urificati on is therefore achieved for a 
given return" Of "product hydrogen peroxide as 
washing solution. A disadvantage of this 

50 system is that, in addition to having to 
handle solids, the whole of the process must 
bs carried out at a temperature below the 
freezing point of the hydrogen peroxide feed. 
Centrifuging of the crystal slurry prior to 

55 washing of the crystals is another method of 
operation. In this case even more mother 
liquor is removed from the crystals prior to 
the application of the washing solution thus 
further decreasing the amount of washing 

60 solution required. 

Where the filtration or centrifuging 
methods are used the crystal slurry has to 
be fed from a crystalliser to the filter or 
centrifuge and thus the crystals must hav at 

65 least a minimum fraction of associated liquor 



to make them flow to the filter or centrifuge. 
Thus, as previously discussed in connection 
with the counter-current column method, it 
is the shaded area in Figure 3 which repre- 
sents the conditions for practical working. 70 

It will be appreciated that the overflow of 
mixed mother-liuqor and washing solution 
from the counter-current washing system 
and the filtrates of mother-liquor and washr 
_ina solnt jpn from the methods based in fiGra- 75 
tion ana centrifuging must not be discarded 
in any practical process. The overflow 
material or the said filtrates are therefore 
concentrated to the original feed concentra- 
tion and fed to the crystalliser, this concen- 80 
tration may be carried out in accordance with 
our United Kingdom Specification No. 
590,439, which embodies a system for purg- 
ing a substantial proportion of the impuri- 
ties in the feed. 85 

In essence that Specification describes a 
process for the concentration and purifica- 
tion of hydrogen peroxide-containing solu- 
tions which process comprises distilling the 
solution to be concentrated under reduced 90 
pressure in a suitable evaporator of the 
climbing film type and passing the vapour 
so formed into a separator. Hydrogen 
peroxide vapour is withdrawn from the 
upper part of the separator and is passed to 95 
a fractionating column where it is condensed 
and collected. The bottom of the separator 
is provided with a return line to the evapor- 
ator the return line having a valve-controlled 
outlet or purge. After a period the impuri- 100 
ties in the hydrogen peroxide build up in 
the liquid circulating round the evaporator, 
separator and return line and thus from 
time to time all or part of this liquid is 
purged, i.e. run off, from the circuit through 105 
the outlet 

However, as hereinbefore stated earlier, 
not all the impurities can be removed by 
mere concentration methods (several known 
methods for reducing the residual impurities 110 
being mentioned) and thus the condensate 
from the fractionating column is fed into the 
crystalliser CiC 2 , for purification. 

The following examples illustrate the pro- 
cess of the invention. The experimental re- 115 
suits given were obtained using the apparatus 
illustrated in Figure 4 of the drawings. 

In these examples the effective column 
length was either 23 or 33 cms. . The actual 
length of column employed is indicated in 120 
each example. The different lengths were 
obtained by varying the dimensions "a" of 
Figures 4. 

Example 1. 
84.5% w/w ele ctrolytic hydrogen peroxide. 125 
containing O.S~g7i of ta rlra zme was fed in 
at 4yo mis /nr. and cooled fo~^-25° C. at 
which temperature crystallisation occurred. 
The fa astion— of fe ed | converted to solid 
100% hydrogenperoxide ay CTystallisation 130 
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was 0.225 by weight The effective column 
length was 23 cms. 

Washing snlntiqn cnntainjnp; 79.8% w/w 

. .-^b^ atpEEZZ3Bmpjra3m»-oL- 
5 — opirlHoTr~and containing no impurity was 
added at the rate of 140 mls/hr. The wash- 
ing ratio was 1.08. 

The product was run off at 227 mls/hr. 
and contained 51.4% w/w liquor. 
10 • The tratrazine concentration in the pro- 
^ duct was 0.009 g/L 



Example 2. 

84.6% w/k electrolytic hydrogen peroxide 
containing 1 g/1 of scarlet R was added at 
345 mls/hr. The temperature of operation 
was —25° C. The fraction of feed converted 
to solid 100 % hydrog gn. peTomd gwas 0.230 
by weig ht. " ""- -— 

Washing solution containing 80.0% w/w 
hydrogen peroxide with no impurity, was 
added at 55 mls/hr. The washing ratio 
was 0.46. The effective column length was 
23 cms. 

The product was run off at 189 mls/hr. 
containing 57.0% w/w of liquor. 

The scarlet R concentration in the pro- 
duct was 0.39 g/L 
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Example 3. 
84.5% w/w electrolytic hydrogen peroxide 
containing 0.7 g/L of scarlet R was added at 
380 mls/hr. The temperature was —25° C. 
and the fraction of feed converted to solid 
100% hydrogen peroxide was 0.225 by 
weight 

Washing solution containihg a JO^O% H^C 
with no impurity was added at : 
The washing ratio was 2.07 and the effective 
column length 33 cms. 

The product was run off at 189 mls/hr. 
containing 57.0% by weight of liquor. 

The scarlet R concentration in the pro- 
duct was 0.0002 g/L 

Example 4. 
[MJi%/$rlvr hydrogen peroxide contami- 
with organic compounds to an extent 
equivalent to 4.9 g/L of carbon was added 
at 380 mls/hr. The temperature was 
— 25° C. and the, fraction of feed converted 
to solid 100% hydrogen peroxide, was 0 71S 
by wei ght 

Washing solution containing 80.6% w/w 
hydrogen peroxide but containing no organic 
impurities was added at 110 mls/hr. The 
washing ratio was 0.96. The effective 
column length was 23 cms. 

The product was run off at 190 mls/hr. 
containing 58.7% by weight of liquor and 
organic impurities equivalent to 0.15 g/L of 
carbon. 

In addition the stability was improved. 
A 25 mL sample of the feed evolved oxygen 
at the rate of 2.9 mls./min. at 100° C. The 



corresponding figure for the product was 
0.25 mls./min. at 100° C. 

Example 5. 65 - 

95.9% w/w electrolytic hydrogen peroxide 
containing 0.6 g/1 of scarlet R was added at 
232 mis. /nr. The temperature of operation 
was — 7° C. and the fraction of feed con- 
verted to solid 100% hydrogen peroxide was 70 
0.328 by weight. 

Washing solution containing 93.7% w/w 
hydro gen peroxide was ad ded at 15R.Tnjg,/hr - 
The washing ratio was 1.25 and the effec- 
tive column length 33 cms. 75 

The product was run off at 190 mis. /nr. 
containing 65.2% by weight of liquor. 

The scarlet R concentration in the pro- 
duct was 0.0006 g/1. 

Example 6. 80 
85.4% w/w electrolytic hydrogen peroxide 
containing 0.7 g/1 scarlet R was added at 
200 mis. /nr. The temperature was —30° C. 
and the fraction of feed converted to solid 
100% hydrogen peroxide was 0.377 by 85 
weight 

Washing solution containing 76.4% w/w 
hydrogen peroxide containing no dye was 
added at 72 mls./hr. The washing ratio 
was 1.56 and the effective column length 90 
33 cms. 

The product was run off at 110 mls./hr. 
containing 36.9% by weight of liquor. 

The scarlet R concentration in the pro- 
duct was 0.023 g/L 95 



Example 7. 

85.3% w/w electrolytic hydrogen peroxide 
which had a poor stability (a 25 mL sample 
of which evolved oxygen at the rate of 
9 mls./min. at 100° C.) was added as feed 100 
and the temperature was —25° C. 

The washing solution was 80.1% w/w 
hydrogen peroxide and the washing ratio 
1.30. The effective column length was 
33 cms. 105 

The product contained 60.5% by weight 
of liquor and a 25 mis. sample evolved 
oxygen at the rate of 2 mis. per minute at 
100° C 



WHAT WE CLAIM IS: — 



110 



1. A process for purifying hydrogen 
peroxide-water mixtures containing at least 
61.2% hydrogen peroxide weight for weight 
and contaminated with inorganic and/or 
organic impurities which do not separate or 115 
crystallise at the temperatures employed in 
the process, which comprises subjecting said 
mixture to cooling at a temperature which 
is between —0.5° C and —56.1° C. and to 
such an extent as to cause the formation of 120 
crystals, washing said crystals with a wash- 
ing solution of aqueous hydrogen peroxide 
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of substantially the same hydrogen peroxide 
concentration as the mother-liquor in 
association with the crystals but containing 
none or less of the impurities contained in 
5 the mother liquor, separating the crystals 
with associated liquor and /or solution and 
melting them to yield a hydrogen peroxide- 
water mixture purified with respect to the 
mixture originally cooled. 

10 2. A process as claimed in Claim 1, 
wherein the mixture to be purified is intro- 
duced at or near the top of a vertical column, 
the washing solution is introduced near the 
bottom or me column, whereby ine crystals 

15 - pass downwardly by gravity and the was h- 
inpjr> l " t ' r>n pawc lipwardly- t o provi de 
— r^Tmg^pqrrf.nt washing of the crystals, and 
the crystals being removed in the remaining 
portion of combined mother liquor-washing 

20 solution at the botom of the column, the 
liquid level in the column being regulated 
by an overflow. 

3. A process as claimed in Claim 1 or 
2, wherein the formation and washing of the 

25 crystals are carried out in a column em- 
ployed under isothermal conditions. 

4. A process as claimed in any one of 
the preceding claims, wherein the washing 
solution percolates through a packed bed of 

30 crystals. 



5. A process as claimed in Claim 1 
wherein the slurry of crystals produced on 
cooling is filtered or centrifuged prior to 
washing with the washing solution. 

6. A process as claimed in any one of 35 
the preceding claims wherein the washing 
solution is obtained by diluting some of the 
purified product with distilled water to the 
concentration of the mother-liquor in 
association with the crystals. 40 

7. A process as claimed in any one of 
the preceding claims wherein the mother- 
liquor and the washing solution when 
separated from the crystals are concentrated 
and added to the feed material to the system, 45 
a purge (as hereinbefore described) being 
provided as an outlet for the impurities. 

8. A process for purifying hydrogen 
peroxide substantially as described with 
reference to the drawings filed with the 50 
Provisional Specification. 

9. Purified hydrogen peroxide when ob- 
tained by the process claimed in any one of 
the preceding claims. 

ELKINGTON AND FIFE, 
Chartered Patent Agents, 
Bank Chambers, 329 High Holborn, 
London, W.C.1, 
Agents for the Applicants. 



PROVISIONAL SPECIFICATION. 



Improvements in or relating to Hydrogen Peroxide. 



55 We, Laporte Chemicals Limited, of 
Kingsway, Luton, Bedfordshire, a British 
Company, do hereby declare this invention 
to be described in the following statement : — 
This invention relates to the purification 

60 of hydrogen peroxide and, in particular, to 
the recovery in a purified form of hydrogen 
peroxide-water mixtures from hydrogen 
peroxide-water mixtures containing at least 
61.2% of hydrogen peroxide weight for 

65 weight and impurities, which may be in- 
organic, organic, or both. 

It is well known that hydrogen peroxide 
may be manufactured either by the hydro- 
lysis of certain inorganic per compounds or 

70 by the oxidation of certain organic com- 
pounds. Thus, for example, United King- 
dom Specification No. 465,070 describes a 
process for the production of hydrogen per- 
oxide in which an alkylated anthraquinone 

75 is hydrogenated in a solvent, by means of 
hydrogen in the presence of a catalyst, to 
the corresponding alkylated quinol, which 
after separation from the catalyst, is oxidised 
with oxygen to produce hydrogen peroxide 

80 with regeneration of the alkylated anthra- 
quinone. Such a process may be made cyclic 
by recycling the alkylated anthraquinone to 



the hydrogenation stage after removal of the 
hydrogen peroxide by aqueous extraction. 

When hydrogen peroxide is manufactured 85 
by the hydrolysis of certain inorganic per 
compounds it often contains free acids as 
well as inorganic salts in solution, whilst 
when prepared by the oxidation of certain 
organic compounds, it usually contains, as 90 
impurities, organic compounds often of 
widely differing volatilities. For example, 
when prepared by and extracted from a 
cyclic process as described above, the 
aqueous hydrogen peroxide leaving the 95 
aqueous extraction column is saturated with 
solvents used in the cyclic process and it 
may also contain traces of the inorganic 
intermediate used. In addition to this, the 
aqueous hydrogen peroxide may contain 100 
other substances formed by the degradation 
of the solvent or organic intermediate. Where 
inorganic hydrogen peroxide stabilisers are 
present in the water used for aqueous extrac- 
ion, these, too, will be present in the aqueous 105 
hydrogen peroxide. 

The presence of organic impurities is 
especially disadvantageous, particularly 
where the aqueous solution is concentrated 
to give the aqueous solutions of hydrogen 110 
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peroxide containing at least 80% of hydro- 
. gen peroxide which are required for some 
industrial and military uses. Degradation 
of these organic impurities by oxidation 
5 naturally causes losses of hydrogen peroxide 
itself whilst certain of these carbon com- 
pounds may cause discoloration of the 
hydrogen peroxide rendering it .unsuitable 
for some purposes. 
10 The process of the present invention is 
only applicable to hydrogen^per3xjde-water 
mixtures containing at leasts!(jL2%-of hydro- 
y gen peroxide weight for weight. Processes 
/ of the kinds described above do not pro- 
15 duce mixtures containing such high con- 
C centrations of hydrogen peroxide and the 

standard method of achieving such concen- 
trations is by distillation. During fractiona- 
tion under vacuum of aqueous hydrogen 
20 peroxide solutions made by the hydrolysis 
of inorganic per compounds most of the im- 
purities remain in the boiler residue but 
small fractions pass over either into the over- 
head waste product or into the fractionated 
25 product by virtue of either entrainment of 
liquid or the volatility of the impurities. In 
the case of hydrogen peroxide made by an 
organic, process however, the volatility of the 
organic impurities may be such that a far 
30 greater proportion finds its way either into 
the overhead waste product or into the 
fractionated product though, of course, the 
points at which , these impurities appear de- 
pend upon their several volatilities. Thus, 
35 where aqueous hydrogen peroxide from the 
aqueous extraction column of a cyclic pro- 
cess as described above is fractionated, the 
dissolved solvents, if normally steam-volatile 
are largely recovered in the overhead pro- 
40 duct, but the degradation compounds appear 
in the fractionated product or remain in the 
boiler residue. 

Thus, both the fractionated product and 
the boiler residue may contain either in- 
45 organic or organic impurities or both and, 
provided the hydrogen peroxide content of 
v the aqueous solution is above 61.2% of hy- 

\. drogen peroxide weight for weight, we have 

\V found that purification is possible occording 
v NaO t° the present invention by means of a com- 

Several methods have previously been pro- 
posed for reducing the impurities, particu- 
larly inorganic impurities, in aqueous solu- 

•55 lions. Treatment with an adsorbent solid 
such as active carbon in the form of finely 
divided charcoal has been suggested and so 
has solvent extraction. There are, however, 
inherent disadvantages in both these pro- 

60 cesses and especially with solvent extrac- 
tion when treating aqueous solutions of hy- 
drogen peroxide containing more than 60% 
hydrogen peroxide weight for weight since 
the risk of fire is considerable. 

65 It has now been found according to this 



invention that by washing crystals, formed 
on cooling aqueous solutions of hydrogen 
peroxide containing impurities, with aqueous 
solutions of hydrogen peroxide of substan- 
tially the same concentration as the mother- 70 
liquor, but containing substantially less or 
none of said impurities, a high degree of 
purification is obtained. 

According to the present invention a pro- 
cess is provided for purifying hydrogen 75 
peroxide-water mixtures containing at least 
61.2% hydrogen peroxide weight for weight 
and contaminated with inorganic " and /or 
organic impurities which comprises subject- 
ing said solution to cooling at a tempera- 80- 
ture which is betwen —5° C. and — 56.1° C. 
and to such an extent as to cause the forma- 
tion of crystals, washing said crystals with a 
washing solution of aqueous hydrogen 
peroxide of substantially the same hydrogen 85 
peroxide concentration as the mother-liquor 
but containing none or substantially less of 
said impurities, recovering the crystals and 
melting them to yield a hydrogen peroxide- 
water mixture purified with respect to the 90 
mixture originally cooled. 

Preferably the formation and washing of 
the crystals are carried out in an isothermal 
column, the passage of liquor in the column 
being counter-current to the passage of 95- 
crystals. 

Preferably also the washing solution per- 
colates through a packed bed of crystals. 

Alternatively the slurry of crystals pro- 
duced on cooling may be filtered or centri- 100- 
fuged prior to washing the crystals with the 
washing solution. 

Preferably the wash liquor is obtained by 
diluting some of the purified product with 
distilled water to the concentration of the 105 
mother-liquor. 

Preferably the mother-liquor and the wash 
solution when separated from the crystals 
are concentrated either separately or in ad- 
mixture and added to the feed material to HO 
the system, a purge being provided as an 
outlet for the impurities. 

The invention will now be further des- 
cribed by way of examples with reference to 
accompanying drawings wherein: — H5 

Figure 1 . is a graph showing the freezing 
curves for solutions of hydrogen peroxide 
and water in which temperature is plotted 
against concentration; 

Figure 2 is a vertical section through 120 
apparatus suitable for carrying out the pro- 
cess of the present invention by counter- 
current washing; 

Figure 3 is a graph showing the freezing 
point-composition relationship for the 125 
H.O..H.O system and indicates the working 
area for a practical system; and 

Figure 4 is a vertical section through 
apparatus used to provide the experimental 
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results given herein and showing the actual 
dimensions hereof. 

Referring to the drawings. Figure 1, with 
the exception of the line of alternate dots 
5 and dashes to which reference is made 
below, is taken from a publication entitled 
"Hydrogen Peroxide" by W. C. Schumb, 
C. N. Satterfield and R. L. Wentworth (April 
1955 Edition) at page 211. The results of 
10 various investigators showed that hydrogen 
peroxide had the freezing characteristics 
shown by the solid curves in the graph. 
Thus, if, for example, a solution of concen- 
tration X is cooled to temperature — Y, a 
15 solid consisting of pure hydrogen peroxide 
will separate out leaving a mother-liquor of 
composition B. The solid phase, being 
denser than the liquid phase, will fall down 
through the liquid phase and settle as a 
20 bed at the bottom of the vessel. 

In carrying out the process of the present 
invention the aqueous hydrogen peroxide 
washing solution is derived from a source 
exterior to the vessel in which the crystal- 
25 lisation is being effected. The washing 
solution is usually fed into the column em- 
ployed for carrying out the process at the 
same temperature as that of the mother- 
liquor into which it is fed in order to ensure 
30 that the washing solution is in equilibrum 
with the crystals at the point of entry. The 
mass of crystals of 100% hydrogen peroxide 
formed upon cooling has associated with it 
a certain proportion of the mother-liquor 
35 which is removable by conventional methods 
only with very considerable difficulty and we 
i believe that, since the crystals are 100% 
\ Tiydrogen peroxide and contain none of the 
\ ' afore^mentiOheTd impurities, the-, wanning of 
A " the crystals with an aqueous solution of 
hydrogen peroxide reduces the concentration 
of the impuri ties m the associated mother- 
liquor givi ng a purified product. Therefore, 
The substantially vertical line of alternate 
45 dots and dashes in Figure 1 is representa- 
tive of the fact that crystals of 100% hydro- 
gen peroxide are formed. Purification by 
freezing and washing in accordance with the 
process of this invention will, of course, be 
50 achieved if the above theory is incorrect, and 
the utility of this invention is, in no way, 
affected by the correctness or otherwise of the 
theory. It should be noted that the process 
of the present invention is not applicable to 
55 cases where the impurities themselves 
crystallise out or are deposited in the cooling 
of the hydrogen peroxide-water mixtures. 
Colloidal separation of the impurities is, 
however, permissible since colloidal par- 
60 tides will be removed by the wash solution. 
The actual temperature to which the 
aqueous solution of hydrogen peroxide to 
be purified has to be cooled in order to se- 
cure the production of crystals is easily ob- 
65 tained by reference to Figure 1 of the draw- 



ings. Thus, in the example given previously 
a solution of concentration X has to be 
cooled to temperature — Z° C. to secure any 
formation of crystals but in order to secure 
substantial formation it is cooled to a tern- 70 
perature below this and the temperature 
given in the foregoing examples was — Y° C. 

Referring now to Figure 2 of the drawings 
the solution to be purified, e.g. 85% aqueous 
hydrogen peroxide, is fed into the apparatus 75 
at A, the temperature maintained in the 
zones C„ C 2 and C 2 , G, being about 
—30° C. (the cooling being provided by 
refrigerant passing through coil R and insu- 
lation being provided by jacket J). The 80 
crystals form in zone C,, C 3 in which is dis- 
posed a continuously rotating agitator P, 
and fall and settle into zone C 2 , C s . The 
level of the contents is kept constant by 
the mother-liquor (about 76% hydrogen 85 
peroxide in this case) overflowing through 
X, a filter (not shown) being fitted to pre- 
vent crystals leaving the apparatus through 
X. A bed of crystals forms in zone C 2 . C 3 
extending round the turn at the base of 90 
column C, and the pressure of the falling 
crystals drives this bed into a heat exchanger 
H which is maintained at a temperature 
high enough to melt all the crystals (e.g. by 
water at +15° C). The turn in the tube 95 
has been found necessary in practice to pre- 
vent the solution formed in heat exchanger 
H from passing up through the bed of 
crystals and being lost in the mother-liquor. 
Since it is an isothermal column no varia- 100 
tion in hydrogen peroxide concentration in 
the liquor or crystals occurs at any stage 
and there is no temperature gradient other 
than the sharp rise as the bed of crystals 
enters the heat exchanger H. 105 

The washing solution is introduced 
through the tube W at —30° C. and is of 
the same concentration as the mother-liquor 
(in this case approximately 76% hydrogen 
peroxide weight for weight). It reduces the 110 
concentration of impurities present in the 
liquor and thus the crystals leaving the 
bottom of zone C a , C„ for the heat exchanger 
H take with them a hydrogen peroxide solu- 
tion of reduced concentration of impurities. 115 

The passage of liquor being in an up- 
wards direction by virtue of the overflow 
through X, it will be appreciated that such 
a column may be operated in two ways, but 
the general principle of crystals passing 120 
through a mother-liquor of progressively 
decreasing impurity concentration applies. 
Not only can washing solution be made to 
percolate upwards through a packed column 
of crystals but also the crystals can be made 125 
to fall freely through the liquor until they 
collect at the bottom of zone Q, C 3 and 
below the point of entry of the tube W. 
This overflow thus consists of washing solu- 
tion and the liquor produced by the crystal- 130 
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lisation of the fresh 85% hydrogen peroxide 
feed material. 

It should be noted that the final concen- 
tration of the hydrogen peroxide obtained 
5 after melting bf the crystals " in heat ex- 
changer H is dependent upon the amount of 
liquor taken out with the crystals. 

The amount of purification obtained is 
dependent upon (1) the ratio of washing 

10 solution to the amount of mother-liquor in 
contact with the crystals when melted, (2) 
the column length and (3) the flow rates. 
The amount of liquor extracted with the 
crystals upon melting is capable of determi- 

15 nation (see below), the washing ratio, de- 
fined as : — 

Volume of washing solution 

Volume of liquor extracted with crystals 

is also capable of determination. Plainly, 
20 the greater the washing ratio the greater the 
purification though obviously for a prac- 
tical system there are limits to the amount 
of washing solution that may be employed. 
The washing ratio being controllable, the 
25 degree of purification obtained is also con- 
trollable. 

The amount of liquor present in the 
crystals (the run off) as they leave the column 



is calculated as follows: — The hydrogen 
peroxide concentration is determined by the 
standard method of titrating with potassium 
permanganate. The run off (bffo rp - malting! 
is assumed to consist of solid 10 0% hyir"- 
~gen peroxide plttS liquor, the concentration 
" ipf this liquor being determ ined hv the-, tem- 
"perature at which the process is operated . 
Knowing the concedTfatiOrV Of each" of th e 
two components ana tne concentration nf 
' the final mixture, the proportions of the tw o 
components are calculated. 
' A portion of the product may be used 
as the basis for the washing solution. The 
portion of the product to be used in this 
manner is diluted with distilled water to 
the concentration of the mother-liquor 
cooled to operating temperature and fed to 
the column C through the tube W. The 
maximum washing ratios which can be ob- 
tained in this way are those corresponding 
to the return of all the product to the column 
in the form of washing solution and, of 
course, in a practical system, the return of 
all the product is not envisaged. Assuming 
that the liquor fraction in the crystals run 
off is 40% by weight, calculated as shown 
hereinbefore (the liquor fraction will not 
always be 40%) the maximum washing ratios 
are as follows: — 



30 



35 



40 



45 



50 



55 





Temperature 
° C. 


Corresponding 


Product Hi,0 3 
concn. % 


- Maximum 


60 


liquor conch. 


washing 






H 2 0 2 % 


) 


ratios 




- 5 


95.6 


98.2 


2.57 




—10 


91.3 


96.5 


2.64 




-15 


87.3 


94.9 


2.72 


65 


-20 


83.4 


93.3 


2.80 




—25 


79.8 


91.9 


2.88 




—30 


76.5 


90.6 


2.96 




-35 


73.3 


893 


3.05 




—40 


70.2 


88.1 


3.14 


70 


-45 


67.2 


86.9 


3.23 




—50 


64.5 


85.8 


3.32 




-55 


61.7 


84.7 


3.43 




-56.1 


61.2 


84.5 


3.45 



Thus, in order to obtain purified product 
75 from the system, the washing ratios should 
not equal or exceed the figures given above 
for the temperatures and concentrations to 
which they relate. For washing ratios be- 
low. -1, a maximum purification exists for 
80 any given, washing ratio and provided the 
column length is sufficient for the purifica- 
tion to reach, this maximum the degree of 
purification depends only on the washing 
ratio.. For washing rati s above 1 there is 
85 no maximum, the purification increasing 
with both washing ratio and column length. 
In actual operation of the counter-current 



column a certain proportion of the liquor 
must be run off from the base of the column 
in order to obtain in the product all the 90 
materia l crystallised in the crystalliser. The . 
proportion of liquor required increases with, 
the through-put of the column but in no 
case does it fall below 38% by weight. When 
hydrogen peroxide is crysta iiiseri a prop™-- 95 
"tion of solid 100% hydrogen peroxide is 

^tormea ana ttus fraction increases as the 
temperat ure ot crystallisation decr eases be - 

' Iqsl, the" freezing PQtgfc — There is thus~a 
minimum practical temperature of crystal- 1 Q0 
ligation for any given hydrogen peroxide con- 
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25 
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35 



40 



45 



50 



55 



60 



centration of feed, Conditions represented 
"ByTlie area to the right of the line MN, 
shown in~ Figure 3 of the drawings which is 
the freezing point/composition graph for 
hydrogen peroxide-water mixtures, give less . 
than the above required proportion of liquid 
and thus the practical conditions of operat- 
ing for the counter-current method are re- 
presented by the shaded area. 

The process of the present invention is 
not limited to operatio n j" q ^r»nnt<»r.>Minv»ni- 
washing device. An alternative method of 
operating is to use a continuous rotary filter 
consisting of a drum slow ly rotating; the 
15 Surface of the drum being formed by a filte r 
medium stretched over a sup porting; struc- 
'Ture 11 __A portion of the drum surface is in 
contact with a crystal slurry of hydrogen 
peroxide crystals _ in a mother-liquor of 
aqueous ftydrogen peroxide, the actual por- 
tion altering as the drum rotates. The slurry 
can be in contact with either the top or 
bottom of the drum. The interior of the 
drum is divided radially i nto sections and 
suctio n, and air pressure, can be applied to 
"eacn~~5ection in turn. Thus the section in 
the slurry and several that have just passed 
through it have suction applied so that 
crystals adhere to the drum surface and the 
liquor is filtered off. In a later section 
washing solution is fed on to the adhering 
crystals and suction applied inside. A later 
section has compressed air applied to cause 
the crystal cake to leave the drum and be 
collected. 

This method of operation Hrs f bf advap . 
tage that smaller amounts of washing solu - 
tion are needed than in counter-current 
"washing since a far greater proportion of 
mother-liquor is removed during filtration 
than occurs in the settling of the counter- 
current washing method. A higher degree 
of purification is therefore achieved for a 
given return of product hydrogen peroxide 
as washing solution. A disadvantage of this 
system is that, in addition to having to 
handle solids, the whole of the process must 
be carried out at a temperature below the 
freezing point of the hydrogen peroxide feed. 

Centrifuging of the crystal slurry prior 
washing of the crystals is another metnod 
of operation. In this case even (more 
mother-liquor is removed from the crystals 
prior to the application of die washing solu- 
tion thus further decreasing the amount ol 
washing solution required. 

Where the .filtration or centrifuging 
methods a re used the crystal slurry has to be 
fed from ' a_ crystalliser to die filter or centri- 
fuge and a" limit is set by the minimum frac - 
tion of liquor neeaea tor recovery oi all the 
crystals formed in the crystalliser. Thus, 
again, as in the counter-current washing 
method the shaded area in Figure 3 is re- 



presentative of the conditions for practical 65 
working. 

It will be appreciated that the overflow of 
mixed mother-liquor and washing solution 
from the counter-current washing system and 
the filtrates of mother-liquor and washing 70 
solution from the methods based on filtra- 
tion and centrifughig must not be discarded 
in any practical process. These liquors a re 
therefore concentrated to the original feed 
concentration and fed to the crystalliser, a 75 
purge being provided as an outlet for im- 
purities. This concentration may be in 
accordance with our United Kingdom Speci- 
fication No. 590,439, which embodies a 
system for purging a substantial proportion 80 
of the impurities in the feed, but for reasons 
hereinbefore stated does not eliminate all 
the impurities. 

The following examples illustrate the pro- 
cess of the invention. The experimental re- 85 
suits given were obtained using the apparatus 
illustrated in Figure 4 of the drawings. 

In these examples the effective column 
length was either 23 or 33 cms. The actual 
length of column employed is indicated in 90 
each example. The different lengths were 
obtained by varying the dimensions "a" of 
Figure 4. 

Example 1. 
84.5% w/w electrolytic hydrogen peroxide 95 
containing 0.5 g/1 of tartrazine was fed in at 
490 mls./hr. and cooled to —25° C. at which 
temperature crystallisation occurred. The 
fraction of feed converted to solid 100% 
hydrogen peroxide by crystallisation was 100 
0.225 by weight. The effective column was 
23 cm. 

Washing solution containing 79.8% w/w 
hydrogen peroxide at the temperature of 
operation and containing no impurity was 105 
added at the rate of 140 mls./hr. The wash- 
ing ratio was 1.08. 

The product was run off at 227 mls./hr. 
and contained 51.4% w/w of liquor. 

The tartrazine concentration in the pro- 110 
duct was 0.009 g/L 

JiXAMPfcE- 2: 

fw electrolytic hydrogen peroxid 
Shtaining 1 g/1 of scarlet R was added at 
345 mls./hr. The temperature of operation 
was —25° C. Th e fraction 61 teed oorF 

rarteri tn anliii l'ftO% hyrfrrif»»n ptr-rwiHo 

n ?,30 h Y ateight 

Washing solution containjng--86^0% w/w 
" o gen peroxide ■witK~~no impurity, was 120 
added at 55 mls./hr. The washing ratio 
was 0.46. The effective column length was. 
23 cm. 

The product was run off at 189 mls./hr. 
containing 57.0% w/w of liquor. 125 

The scarlet R concentration in the pro- 
duct was 0.39 g/L 

Example 3. 

84.5% w/w electrolytic hydrogen peroxide 
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containing 0.7 g/1 of scarlet R was added 
at 380 mls./hr. The temperature was 
— 25° C. and the fraction of feed converted 
to solid 100% hydrogen peroxide was 0.225 
S by weight. 

Washing solution containing 80.0% HaO a 
with no impurity was added at 230 mls./hr. 
The washing ratio was 2.07 and the effective 
column length 33 cms. 
10 The product was run off at 189 mls./hr. 
containing 57.0% by weight of liquor. 

The scarlet R concentration in the pro- 
duct was 0.0002 g/1. 

Example 4. 

15 84.5% w/w hydrogen peroxide contami- 
nated with organic compounds to an extent 
equivalent to 4.9 g/1. of carbon was added 
at 380 mls./hr. The temperature was 
— 25° C. and the fraction of feed converted 

20 to solid 100% hydrogen peroxide was 0.225 
by weight. 

Washing solution containing 80.6% w/w 
hydrogen peroxide but containing no organic 
impurities was added at 110 mls./hr. The 
25 washing ratio was 0.96. The effective 
column length was 23 cms. 

The product was run off at 190 mls./hr. 
containing 58.7% by weight of liquor and 
organic impurities equivalent to 0.15 g/1 of 
30 carbon. 

In addition the stability was improved. 
A 25 ml. sample of the feed evolved oxygen 
at the rate of 2.0 mls./min. at 100° C. The 
corresponding figure for the product was 
35 0.25 mls./min. at 100° C. 

Example 5. 
95.9% w/w electrolytic hydrogen peroxide 
containing 0.6 g/1 of scarlet R was added 
at 232 mls./hr. The temperature of opera- 
40 tion was —7° C. and the fraction of feed 
converted to solid 100% hydrogen peroxide 
was 0.328 by weight 

Washing solution containing 93.7% w/w 
hydrogen peroxide was added at 158 



mls./hr. The washing ratio was 1.25 and 45 
the effective column length 33 cms. 

The product was run off at 190 mls./hr. 
containing 65.2% by weight of liquor. 

The scarlet R concentration in the pro- 
duct was 0.0006 g/1. 50 

Example 6. 
85.4% w/w electrolytic hydrogen peroxide 
containing 0.7 g/1 scarlet R was added at 
200 mls./hr. The temperature was —30° C. 
and the fraction of feed converted to solid 55 
100% hydrogen peroxide was 0.377 by 
weight 

Washing solution containing 76.4% w/w 
hydrogen peroxide containing no dye was 
added at 72 mis. /nr. The washing ratio 60 
was 1.56 and the effective column length 
33 cms. 

The product was run off at 110 mls./hr. 
containing 36.9% by weight of liquor. 

The scarlet R concentration in the pro- 65 
duct was 0.023 g/L 

Example 7. 

85.3% w/w electrolytic hydrogen peroxide 
which had a poor stability (a 25 ml. sample 
of which evolved oxygen at the rate of 70 
9 mls./min. at 100° C.) was added as feed 
and the temperature was — 25° C. 

The washing solution was 80.1% w/w 
hydrogen peroxide and the washing ratio 
1.30. The effective column length was 75 
33 cms. 

The product contained 60.5% by weight 
of liquor and a 25 mis. sample evolved 
oxygen at the rate of 2 mis. per minute at 
100° C. 80 

ELKTNGTON AND FIFE, 
Consulting Chemists and 
Chartered Patent Agents, 
Bank Chambers, 329 High Holborn, 
London. W.Cl, 
Agents for the Applicants. 
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